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I. INTRODUCTION

The single event upset (SEU) phenomenon has continued to be of great

interest to designers of spaceflight hardware. Although a great deal of

ground testing has been and continues to be carried out, quantitative on-

orbit measurements are very limited. Space measurements are a key part of

the effort to ensure that the ground-based testing yields accurate predic-

tions of on-orbit upset rates. Blake and Mandell have published data from

two years of flight observations from a subsystem consisting of 384 Harris

Hm-6508 1K RAMs. This report is an update of that study; the results of

2560 days of observation are presented.

1J. B. Blake and R. Mandel, Proc. IEEE Trans. Nucl. Sci., 33 (6), 1616 (1986).
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II. THE EXPERIMENT

The Harris HM-6508 1K x 1 RAMs are in a satellite subsystem in low,

polar orbits. The memory module used in the subsystem containing the RAMs

consists of three printed circuit cards with each card containing eight 2K

byte memory hybrids for a total of 48K bytes. Thus, each memory hybrid

contains 16 HM-6508 RAM chips.

On a regular basis, all but 256 bytes of the 48K bytes are examined

for bit errors. Two different techniques are used for detecting bit er-

rors. The first technique, a memory check sum, is capable of automatically

detecting all single-bit and some double-bit errors that occurred within a

page of memory. A memory page consists of 256 bytes. Memory check-sum

tests are performed approximately every 90 minutes. To detect a multiple

error or to determine the exact location of the bit error within the page,

the entire contents of the memory are dumped and compared to the load file.

Memory dumps are normally performed once a month, or immediately after the

check sum routine detects an error. Once the location of the error is

found, the correct value is reloaded into the memory. After the memory is

reloaded, the contents of the memory location in question are verified to

determine if the error was a soft error generated by an SEU, a hard error

generated by a part failure, or a cosmic-ray-induced latchup.
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III. RESULTS

A total of 234 SEUs were observed during 2560 days of observation.

Thus, the average upset rate per day is

(2.62 ± 0.17) x 10- 7 upsets/bit day.

The distribution of upsets as a function of time is given in Figure 1.
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Figure 1. Measured Upset Rate as a Function of Time

The data have been grouped into six-month bins as a compromise between

time resolution and counting statistics. Solar cycle modulation can be

seen to be modest at best; a horizontal straight line is not a bad fit to
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the data. A computer code written by Adams* has been used to predict the

on-orbit upset rate. The RAM input data are based on accelerator testing

of the HM-6508 RAMs; the data were discussed by Blake and Mandel.2  Some

results of the calculation for shielding thicknesses of 1, 2, and 5 gm/cm
2

of aluminum are given in Figure 2.

S 1 gm/cm 2 shield5 2q gm/cm 2sil

3 4

2
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Figure 2. Calculated Upset Rates as a Function of Shield Thickness

it can be seen that the observed SEU rate, given above, is consistent with

a shielding thickness of a few gm/cm2 , which is a reasonable value for the

*J. H. Adams, Jr., private communication, 1985.2See Ref. 1.
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satellite in question. The predicted solar-cycle modulation may be greater

than that observed, although the issue is unclear given the counting

statistics.

Multiple events were observed in 14 percent of the upsets. The multi-

plicity distribution is given in Table 1.

Table 1. SEU Multiplicity Distribution

Number of Events Multiplicity

202 1

27 2

3 3

1 4

1 All bits on chip

The relative 1ccation of the upsets in a multiple event is interest-

ing. In many of the events, the multiple errors were adjacent, including

the 4-fold error.
3

However, in eight cases, the errors were not even on the same board.

The obvious question arises: are these multiple SEU events really tw3 i,,de-

pendent events that occurred between verifications? As discussed in Blake

and Mandel,1 the probability of such an accidental event is less than once

per decade, given the observed upset rate. Perhaps these separated

multiple events were due to a single cosmic ray that creates a shower in

the satellite vehicle due to a nuclear interaction. An understanding of

multiple events will be an important consideration in the effective imple-

mentation of error detection and correction techniques in spaceflight

hardware.

3See Ref. 1.
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LABORATORY OPERATIONS

The Aerospace Corporation functions as an "architect-engineer" for

q national security projects, specializing in advanced military space systems.

Providing research support, the corporation's Laboratory Operations conducts

experimental and theoretical investigations that focus on the application of

scientific and technical advances to such systems. Vital to the success of

these investigations is the technical staff's wide-ranging expertise and its

ability to stay current with new deveiupments. This expercise is enhanced hy

a research program aimed at dealing with the many problems associated with

rapidly evolving space systems. Contributing their capabilities to the

research effort are these individual laboratories:

keropnysics Laboratory: Launch vehicle and reentry Iluid mechanics, heat
transfer and flight dynamics; chemical and electric propulsion, propellant
chemistry, chemical dynamics, environmental chemistry, trace detection;
spacecraft structural mechanics, contamination, thermal and structural
control; high temperature thermomechanics, gas kinetics and radiation; cw and

pulsed chemical and excimer laser development including chemical kinetics,
spectroscopy, optical resonators, beam control, atmospheric propagation, laser
effects and countermeasures.

Chemistry and Physics Laboratory: Atmospheric chemical reactions.
atmospheric optics, light scattering, state-specific chemical r~ations and
radiative signatures of missile plumes, sensor out-of-tieid-ot-view rejection.
applied laser spectroscopy, laser chemistry, laser optoelectronics, solar cell
physics, battery electrochemistry, space vacuum and radiation eftects on
materials, lubrication and surface phenomena, thermlonic emission, photo-
sensitive materials and detectors, atomic frequency standards, and

environmental chemistry.

Computer Science Laboratory: Program verification, program translation,

performance-sensitive system design, distributed architectures for spacehotne
computers, fault-tolerant computer systems, artificial intelligence, micro-
electronics applications, communication protocols, and computer security.

Electronics Research Laboratory: Microelectronics, solid-state device
physics, compound semiconductors, radiation hardening; electro-optics, quantum
electronics, solid-state lasers, optical propagation and communications;
microwave semiconducto devices, ,. -re/mtllimeter wave measurements,
diagnostics and radiometry, microwave/millimeter wave thermionic devices;
atomic time and frequency standards; antennas, rf systems, electromagnetic
propagation phenomena, space communication systems.

Materials Sciences Laboratory: Development of new materials: metals,
alloys, ceramics, polymers and their composites, and new forms of carbon; non-
destructive evaluation, component failure analysis and reliability; fracture
mechanics and stress corrosion; analysis and evaluation of materials at
cryogenic and elevated temperatures as well as in space and enemy-Induced
environments.

Space Sciences Laboratory: Magnetospheric, auroral and cosmic ray
physics, wave-particle Interactions, magnetospheric plasma waves, atmospheric
and ionospheric physics, density and composition of the upper atmosphere,
remote sensing using atmospheric radiation; solar physics, infrared astronomy,
infrared signature analysis; effects of solar activity, magnetic storms and
nuclear explosions on the earth's atmosphere, ionosphere and magnetosphere;
effects of electromagnetic and particulate radiations on space systems; space

instrumentation.
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